In the sake of connecting the charge-density-wave (CDW) of TaSe2 and single-q CDW-type distortion of TaTe2, we present an overall electronic phase diagram of 1T -TaSe2−xTex (0 ≤ x ≤ 2). In the experimentally prepared single crystals, the CDW is completely suppressed as 0.5 < x < 1.5. Theoretically, similar to 1T -TaSe2 and 1T -TaTe2, the hypothetic 1T -TaSeTe with ordered Se/Ta/Te stacking shows instability in the phonon dispersion, indicating the presence of CDW in the ideally ordered sample. The contradictory between experimental and theoretical results suggests that the CDW is suppressed by disorder in 1T -TaSe2−xTex. The formation and suppression of CDW are found to be independent with Fermi surface nesting based on the generated electron susceptibility calculations. The period-lattice-distortion (PLD) should be related to our observation: The doping can largely distort the TaX6 (X = Se, Te) octahedra, which are disorderly distributed. The resulted puckered Ta-Ta layers are not compatible with the two-dimensional PLD. Therefore, CDW is suppressed in 1T -TaSe2−xTex. Our results offer an indirect evidence that PLD, which can be influenced by strong disorder, is the origin of CDW in the system.
I. INTRODUCTION
The origin of charge-density-wave (CDW) is a rather old but still long-standing issue in condensed matter physics. [1] [2] [3] Since the discovery of CDW in transitionmetal dichalcogenides (TMDs), the layered structures and various CDWs make the TMDs a model class of materials to investigate the mechanism of CDW. 4 Moreover, many typical TMDs show the coexistence and competition between superconductivity and CDW. [5] [6] [7] [8] [9] [10] [11] [12] [13] The superconducting phase diagrams highly similar to those of unconventional superconductors have been found. [6] [7] [8] Many experimental and theoretical works were performed to investigate the CDW in TMDs in the sake of figuring out the mechanism of CDW and the interplay between CDW and superconductivity. [14] [15] [16] [17] [18] However, the origin of CDW is still under debate.
The CDW and accompanied period-lattice-distortion (PLD) are usually explained by Peierls picture. [1] [2] [3] 16 In this picture, Fermi surface nesting, a pure electronic effect, drives the charge redistribution regardless of whether or not PLD subsequently happens. There is an opposite mechanism that the charge redistribution is driven by strong q -dependent electron-phonon coupling induced PLD, while Fermi surface nesting only plays a minor role. 19 Johannes et al. concluded that if a material with CDW originates from Fermi surface nesting, the generated electron susceptibility (χ) must show peaks of its real part (χ ′ ) and imaginary part (χ ′′ ) at the CDW vector (q CDW ), and all phonons must soften at the same vector. 16 According to this conclusion, it seems to be clear that the Fermi surface nesting is ruled out in the origin of CDW in 2H -TMDs: The density-functional-theory (DFT) calculations show that there are no peaks of χ ′′ found at q CDW for 2H -NbSe2 and 2H -TaSe2, while χ ′ shows weak peaks at q CDW . 16, 20 The PLD mechanism in 2H -TMDs is recently supported by more and more theoretical and experimental studies.
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However, in 1T -TMDs, the situation seems to be complex. Both 1T -TaS 2 and 1T -TaSe 2 show 13.9
• rotated √ 13× √ 13 commensurate-CDW (CCDW). 4 The early reports show the calculated Fermi surface nesting vectors are well corresponding to q CCDW = 27 A convincing origin of CDW in 1T -TMDs could not be obtained from the above confusing and contradictory results so far. More experimental evidences and theoretical investigations are needed to figure out the puzzle.
Previously, we reported the electronic phase diagrams for 1T -TaS 2−x Se x (0 ≤ x ≤ 2) and 4H b -TaS 2−x Se x , in which the isovalent substitution does not completely suppress CDW of the end members. 11, 13 If similar characteristic still exists in 1T -TaSe 2−x Te x (0 ≤ x ≤ 2), a poten-tial gradual variation from q CDW of 1T -TaSe 2 to that of 1T -TaTe 2 might be observed. Therefore, in the present work, we prepared a series of 1T -TaSe 2−x Te x (0 ≤ x ≤ 2) single crystals via the chemical-vapor-transport (CVT) method and obtained an overall electronic phase diagram through the transport measurements. Surprisingly, the CDW disappears in 1T -TaSe 2−x Te x as 0.5 < x < 1.5, which is beyond our expectation and destroys the connection of 1T -TaSe 2 and 1T -TaTe 2 . Similar to 1T -TaSe 2 and 1T -TaTe 2 , the hypothetic ordered 1T -TaSeTe shows phonon instability according to the phonon calculations, indicating the CDW should exist if the doped sample is ideally ordered. It means that the disorder in experimentally prepared samples suppresses CDW. The formation and suppression of CDW are found to be independent with Fermi surface nesting based on the generated electron susceptibility calculations. Through analysis of the optimized structures of 1T -TaSe 2 , 1T -TaTe 2 , and 1T -TaSeTe with ordered Se/Ta/Te stacking structure, we found that the doping can largely distort the TaX 6 (X = Se, Te) octahedra. The disordered distribution of such distorted octahedra will pucker Ta-Ta layers, which is not compatible with the two-dimensional PLD. That might be the reason why the CDW is suppressed in 1T -TaSe 2−x Te x . Our results offer an indirect evidence that the CDW originates from PLD, which can be influenced by strong disorder.
II. EXPERIMENT AND CALCULATION DETAILS
The single crystals were grown via the CVT method with iodine as a transport agent. The high-purity elements Ta, Se, and Te were mixed in chemical stoichiometry, and heated at 900
• C for 4 days in an evacuated quartz tube. The harvested TaSe 2−x Te x powders and iodine (density: 5 mg/cm 3 ) were then sealed in an another quartz tube and heated for two weeks in a two-zone furnace, where the temperature of source and growth zones were fixed at 950
• C and 850
• C, respectively. The tubes were rapidly quenched in cold water to ensure retaining of the 1T phase. The X-ray diffraction (XRD) patterns were obtained on a Philips X ′ pert PRO diffractometer with Cu K α radiation (λ = 1.5418Å). Structural refinements were performed by using Rietveld method with the X ′ pert HighScore Plus software. The average stoichiometry was determined by examination of multiple points using X-ray energy dispersive spectroscopy (EDS) with a scanning electron microscopy (SEM). The EDS results indicate that the actual concentration x is close to the nominal one. The resistivity (ρ) measurements down to 2.0 K were carried out by the standard fourprobe method in a Quantum Design Physical Property Measurement System (PPMS).
The DFT calculations were carried out using QUANTUM ESPRESSO package with ultrasoft pseudopotentials. 29 The exchange-correlation interaction was treated with the local-density-approximation (LDA) according to Perdew and Zunger. 30 The energy cutoff for the plane-wave basis set was 35 Ry. Brillouin zone sampling is performed on the Monkhorst-Pack (MP) mesh of 16 × 16 × 8. 31 The Vanderbilt-Marzari Fermi smearing method with a smearing parameter of σ = 0.02 Ry was used for the calculations of the total energy and electron charge density. Phonon dispersions were calculated using DFPT with an 8 × 8 × 4 mesh of q -points.
III. RESULTS AND DISCUSSION
The single crystal XRD patterns of 1T -TaSe 2−x Te x (x = 0, 1, and 2) are shown in Fig. 1(a) , in which only (00l) reflections were observed, suggesting the c-axis is perpendicular to the surface of single crystal. With increasing x, the diffraction peaks distinctly shift to lower angles, reflecting the crystal expansion induced by Te doping. To further confirm the structure, several single crystals were crushed and used in the powder XRD experiment.
show the powder XRD patterns and the structural refinement results of Rietveld analysis for the selected samples with x = 0, 1, and 2. Figure 1(e) shows the enlargement of the (011) peak for x = 1, 1.5, and 2. It shows that the ideal CdI 2 -type 1T structure for x = 1 leads to a single (011) peak while there are double peaks in the monoclinic distorted-1T structure for x = 2. One should notice that the (011) peak starts to split when x = 1.5, indicating the emergence of distorted-1T structure, as shown in Fig. 1(e) . The evolution of lattice parameters (a, c) and unit cell volume (V ) of 1T -TaSe 2−x Te x are depicted in Fig. 1(f) . Indeed, the values of a, c, and V monotonously increase with x, in accordance with the larger ion radius of Te than that of Se. Figure 2 shows the temperature dependences of inplane resistivity ratio (ρ/ρ 250K ) of 1T -TaSe 2−x Te x single crystals. The room temperature resistivity is about 1.4 mΩ cm for x = 0. The values of resistivity for the Te-doped samples keep at this order of magnitude. As shown in the inset of Fig. 2(a) , the signature of superconductivity emerges as x ≥ 0.2, and finally disappears for x ≥ 1.2. The maximum of superconducting onset temperature (T onset c ) is 2.5 K for x = 0.6. Figure 2(b) shows the high temperature part of ρ/ρ 250K . As shown in the inset of Fig. 2(b) , 1T -TaSe 2 exhibits a CCDW transition at T CDW ∼ 503 K, which is defined by the minimum of dρ/dT , with the formation of √ 13 × √ 13 superstructure. The resistivity shows an upturn upon cooling due to the presence of gapping in the Fermi surface. With increasing Te content, the CDW transition gradually shifts to lower temperatures, and unexpectedly disappears as x > 0.5. The suppression of CDW in 1T -TaSe 2−x Te x is quite different from that in 1T -TaS 2−x Se x system, for which the isovalent doping does not completely suppress CDW of the end members. Figure 3 summarizes the overall electronic phase dia- follows a dome-like shape. The superconductivity induced by isovalent doping is similar to that in 1T -TaS 2−x Se x . However, the CDW is gradually suppressed by Te doping and disappears as x > 0.5, which is quite different from the situation in 1T -TaS 2−x Se x . With heavier Te content x > 1.5, the crystal structure gradually distorts to monoclinic distorted-1T structure, which could also be considered as a single-q CDW-type distortion.
4,28
To investigate the suppression of CDW in 1T -TaSe 2−x Te x system, we calculated the two end members of 1T -TaSe 2 and 1T -TaTe 2 , and the simplest hypothetical sample 1T -TaSeTe with an ordered stacking of Se/Ta/Te, which is represented as 1T -TaSeTe(O). The fully optimized structural parameters, as listed in Table I , are close to those from the previous LDA calculation. 18 The underestimation of lattice parameters is expectable for LDA.
18
The phonon calculation is an effective method to simulate the CDW instability: The calculated phonon instabilities of 2H -NbSe 2 , 20 2H -TaSe 2 , 21 1T -NbTe 2 , 27 and 1T -TaX 2 (X = S, Se, Te), 17, 18, 27 just locate at the CDW vectors of these TMDs. Moreover, Liu et al. show the calculated phonon instability of 1T -TaS 2 is suppressed by pressure while the disappearance of CDW for pressurized 1T -TaS 2 is experimentally confirmed, 5,17 conclusively proving that the calculated phonon instability can correctly reflect the CDW instability. Therefore, our theoretical investigation of 1T -TaSe 2−x Te x started with the phonon calculation. Figure 4 shows the phonon dis- persions of 1T -TaSe 2 , 1T -TaSeTe(O), and 1T -TaTe 2 . One can notice that 1T -TaTe 2 show phonon instability between Γ and K points but similar instability does not appear for 1T -TaSe 2 , which partly explains why the 1T structure of TaSe 2 is stable and the ideal 1T -TaTe 2 has never been obtained. For 1T -TaSe 2 , the calculation results are in good agreement with the previous calculation by Ge et al.. 18 An instability locates between Γ and M points, which is close to the projections of the incommensurate-CDW (ICCDW) vector (q ICCDW ≈ 27 Except the instability between Γ and K points, the high similarity of the phonon dispersions is found for 1T -TaSe 2 and 1T -TaTe 2 . Therefore, it is reasonable to consider that the CCDW in 1T -TaSe 2 and single-q CDW-type distortion in 1T -TaTe 2 originate from similar mechanism.
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Surprisingly, for 1T -TaSeTe(O), a similar phonon instability can be found in the ΓM direction as well (Fig. 4) . The instability locates between the instabilities of 1T -TaSe 2 and 1T -TaTe 2 , implying that if 1T -TaSeTe with such ordered structure exists, CDW should be observed. However, phonon instability between Γ and K points for 1T -TaSeTe(O) indicates such hypothetical compound is hard to exist. According to the experimentally obtained phase diagram of Fig. 3 , one should notice that the CDW or CDW-type distortion only exists in the Se-rich or Terich areas (the concentration ≥ 75%), in which the disorder is not prominent. In the middle area, stronger disorder can be expected, which might be responsible for the disappearance of CDW.
In order to figure out how the disorder influences the CDW, we further performed some indirect calculations to investigate whether the disorder affects the Fermi surface nesting or PLD. Figure 5 shows the band structures and Fermi surfaces of 1T -TaSe 2 , 1T -TaSeTe(O), and 1T -TaTe 2 . For 1T -TaSe 2 , the early calculations show there is only one band crossing Fermi energy (E F ), which does not cross E F in the vicinity of Γ point. 23, 32 Moreover, there is a gap (about 0.1 ∼ 0.2 eV) below the band crossing E F . 23, 32 However, the recent angle-resolved photoemission (ARPES) experiment clearly shows a hybridization of bands at Γ close to E F , where small hole-type pockets are observed. 33 Obviously, our LDA calculations accurately simulated the band structure of 1T -TaSe 2 ( Fig. 5(a) ). Three bands cross E F : The lower two bands (colored in blue and orange in Fig. 5(a) ) form small cylindrical hole-type pockets close to Γ (Figs. 5(b) and (c)) ; The Fermi surface introduced from the higher band crossing E F (colored in red in Fig. 5(a) ) is shown in Fig. 5(d) . For 1T -TaSeTe(O) and 1T -TaTe 2 , one can notice that the band structures and Fermi surfaces (Figs. 5(e)-(l) ) are highly similar to those of 1T -TaSe 2 .
The Fermi surface nesting can be reflected in generated electron susceptibility. The real part of the electron susceptibility is defined as
where f (ε) is Fermi-Dirac function. The imaginary part is
We used a mesh of approximately 40,000 k points in the full reciprocal unit cell to calculate the energy eigenvalues derived for the electron susceptibilities. On the other hand, if we consider the PLD is the origin of CDW, the disappearance of CDW in the phase diagram is understandable. From Table I , one can notice that the optimized z -coordinates of X atoms in pristine 1T -TaX 2 (X = Se, Te) is about ±0.27. However, for 1T -TaSeTe(O), the z -coordinates of X atoms change to z Se = 0.249 and z Te = −0.296, which means the TaX 6 octahedra are largely distorted. When the Se and Te atoms are randomly mixed, disordered distortions of TaX 6 octa- The cross section of imaginary part of the generated electron susceptibility with q z = 0 for 1T -TaSe2, 1T -TaSeTe(O) (f), and 1T -TaTe2 (g). Right panel shows the real and imaginary parts of the generated electron susceptibilities along the reciprocal unit cell boundary. In these contour maps of (a)-(f), the highest and lowest values are denoted as color in red and blue, respectively. The dashed line in right panel denotes the location of the peak of the real and imaginary part of the generated electron susceptibility for 1T -TaSe2 at q = 0.3a * . The high-symmetry points are denoted in (a).
hedra can be expected in the crystal, leading to the puckered Ta-Ta layers. Obviously it is not compatible with two-dimensional PLD. That might be the reason why disorder completely suppresses CDW in 1T -TaSe 2−x Te x system.
To understand the difference between 1T -TaSe 2−x Te x and 1T -TaS 2−x Se x , a similar hypothetic 1T -TaSSe(O) was also designed and calculated. Figure 7 compares the phonon dispersion of 1T -TaSeTe(O) and that of 1T -TaSSe(O). An instability between Γ and K points is observed for 1T -TaSeTe(O), however, the mode in this area is stable for 1T -TaSSe(O), implying the ordered struc- ture of 1T -TaSSe(O) is more stable than that of 1T -TaSeTe(O). In other words, the disorder in 1T -TaSeTe is much stronger than that in 1T -TaSSe. It could explain that in 1T -TaS 2−x Se x (0 ≤ x ≤ 2) CDW exists with all x, while in 1T -TaSe 2−x Te x (0 ≤ x ≤ 2) the CDW or CDW-type distortion is suppressed as 0.5 < x < 1.5.
IV. CONCLUSION
In order to connect the CDW of 1T -TaSe 2 and the CDW-type distortion of 1T -TaTe 2 , we prepared a series of 1T -TaSe 2−x Te x (0 ≤ x ≤ 2) single crystals and summarized an overall electronic phase diagram through the transport measurements, in which a dome-like superconducting region is observed. The CDW disappears in 1T -TaSe 2−x Te x as 0.5 < x < 1.5, which is unexpected since the similar isovalent doping in 1T -TaS 2−x Se x does not seem to completely suppress CDW.
In order to understand the experimental results, we performed DFT calculations on 1T -TaSe 2 , 1T -TaTe 2 , and the hypothetic ordered 1T -TaSeTe. 1T -TaSe 2 and 1T -TaTe 2 show similar phonon dispersions and instabilities, indicating the distortions of the two end members originate from the same mechanism. Similar instability is also found in the hypothetic ordered 1T -TaSeTe while CDW disappears in experimentally prepared 1T -TaSeTe, implying CDW in real 1T -TaSe 2−x Te x is suppressed by disorder. Based on the generated electron susceptibility calculations, the formation and suppression of CDW in 1T -TaSe 2−x Te x are found to be independent of Fermi surface nesting. Through analysis of the optimized structures of 1T -TaSe 2 , 1T -TaTe 2 , and 1T -TaSeTe(O), we found that the Te doping can largely distort the TaX 6 (X = Se, Te) octahedra. The disordered distribution of those distorted octahedra will pucker Ta-Ta layers, which is not compatible with the two-dimensional PLD. That might be why CDW is suppressed in 1T -TaSe 2−x Te x . Our results offer an indirect evidence that the PLD, which can be influenced by strong disorder, is the origin of CDW in the system.
